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Introduction 

Systematic position of an Ordovician cephalopod Ormo- 
ceras yokoyamai (Kobayashi, 1927) is reconsidered on the 
basis of type specimens kept in the University Museum of 
the University of Tokyo (prefixed UMUT) and the new ma- 
terial from the type stratum Jigunsan Formation, Choson 
Supergroup in Gangwon-Do, South Korea. The Jigunsan 
Formation, named by Yamanari (1926), is a relatively thin 
(45-100 m in thickness) fossiliferous sequence of inter- 
beded shale and subordinate limestone. On the basis of 
studies primarily of trilobites and cephalopods, Kobayashi 
(1966) assigns the principal part of the formation to 
Llanvirn (upper Middle Ordovician). This correlation is in 
agreement with conodont biochronology by Lee (1977, 
1980). The newly collected specimens come from float 
blocks of shale at (1) locality G90075, latitude 37° 10" 
39.5"" N, longitude 128° 42' 7.1 "' E, in a Field on the south- 
western slope of Mt. Jigun, Jikdongri, Jungdong-myeon, 
Yeongwol-gun (UMUT PM 27827), and (2) locality 
J89105, latitude 37° 5" 42.4'" N, longitude 129° 0" 52.6"" 
E, on the northern flank of a small tributary of the Hwangji 
River in Jangseong, Taebaek-city (UMUT PM 27828). 

Systematic paleontology 

? Subclass Actinoceratoidea Teichert, 1933 
? Order Actinocerida Teichert, 1933 
Family Proteoceratidae Flower, 1962 
Genus Treptoceras Flower, 1942 

Type species. — Orthoceras duseri Hall and Whitfield, 
1875. 

Treptoceras yokoyamai (Kobayashi, 1927) 

Figure 1 


Loxoceras yokoyamai Kobayashi, 1927, p. 186, 187, pi. 18, 
figs. 9a-c. 

Sactoceras yokoyamai (Kobayashi). Kobayashi, 1934, p. 439, 
440, pi. 27, figs. 1-6, pi. 28, fig. 2. 

Ormoceras yokoyamai (Kobayashi). Yun, 1999, p. 214. 

Emended diagnosis. — Small species of Treptoceras with 
low angle (approximately 5°) of shell expansion, oval cross 
section with form ratio (lateral/dorsoventral diameter) 

I. 2- 1.5; siphuncle submarginal with siphuncular position 
ratio (minimum distance of central axis of siphuncle from 
shell wall per dorsoventral shell diameter) approximately 
0.2 in adoral shell; septal necks cyrtochoanitic to subor- 
thochoanitic; cameral deposits weak for genus. 

Description. — Small-sized orthocones for genus with 
gradual shell expansion indicating approximately 5° in 
dorsoventral plane (Figure 1.1); apical shell may be curved 
on the basis of a specimen (UMUT PM 0686 figured by 
Kobayashi, 1934, pi. 27, fig. 6); details of shell surface not 
observed in all examined specimens, but annulations and 
conspicuous ornamentation not detected; cross section of 
shell dorsoventrally depressed, oval with form ratio of 1.2 
-1.5 (Figure 1.2); largest known specimen (UMUT PM 
0685 figured by Kobayashi, 1934, pi. 27, figs. 3-5) attains 

II. 0 mm in dorsoventral diameter and 15.5 mm in lateral 
diameter, whose adoral part represents apical body cham- 
ber; sutures transverse to slightly oblique, nearly straight or 
weakly sinuate to form very shallow ventral and dorsal 
lobes in rare cases (Figure 1.1); camerae very short, giving 
width/length ratios which ranges from 4.6 to 10.9+, with 
shallow septal curvature (Figure 1.3); no septal furrow de- 
tected; adoral siphuncle stenosiphonate and submarginal in 
position, with siphuncular position ratio approximately 0.2 
(Figure 1.3); septal necks cyrtochoanitic to suborthochoani- 
tic, not recumbent (Figure 1.4- 1.7); well-preserved dorsal 
septal neck attains 0.27 mm in length at dorsoventral shell 
diameter of approximately 7 mm; adnation area usually 
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absent; connecting rings relatively thick, 0.05-0.07 mm, 
and undifferentiated (Figure 1.5), forming subglobular pro- 
file in apical dorsoventral section of a specimen (UMUT 
PM 0686) with maximum diameter/length ratio of 
siphuncular segments approximately 1.3, inflation then rap- 
idly decreases, creating fusiform to pyriform (and 
subglobular in rare cases) profile in adoral dorsoventral 
section w ith ditto ratio 0. 6-0.9 (Figure 1.4, 1.5); curvature 
of septal brims and inflation of connecting rings are slightly 
stronger on ventral siphuncular side than on dorsal one 
(Figure 1.4, 1.5); cameral deposits weak for genus, re- 
stricted in apical camerae, composed of thin episeptal- 
mural and hyposeptal deposits (Figure 1.3). 
Endosiphuncular deposits are also restricted to apical 
siphuncle (Figure 1.3): laminated parietal deposits to form 
thick lining on ventral siphuncular wall (Figure 1.4, 1.6); 
thickness of ventral lining decreases at septal foramen and 
its surface usually linear in profile in longitudinal section 
(Figure 1.4, 1.6); parietal deposits rarely developed on dor- 
sal connecting rings, which interrupted at septal foramen 
(Figure 1.4); canal system and perispatium not developed. 

Discussion. — Morphologically, the most diagnostic fea- 
ture of this species is the structure of the endosiphuncular 
deposits that is observable in Kobayashi’s specimen UMUT 
PM 0687 (Figure 1.8), and a section from the new material, 
UMUT PM 27827 (Figure 1.3- 1.6). Its combination of 
the characteristic parietal deposits that form the ventral lin- 
ing and lack of a canal system (Figure 1.4, 1.6) confirm 
systematic placement of the species in the Proteoceratidae 
rather than the Pseudactinoceratidae ( Loxoceras M’Coy, 
1844; Doguzhaeva and Shkolin, 1999) or the Ormocera- 
tidae ( Onnoceras Stokes, 1840 and its subjective junior 
synonym Sactoceras Hyatt, 1884). In addition, the species 
does not exhibit an exogastric cyrtocone, surface annu- 
lations and strongly bulging sutural elements, which fea- 
tures are diagnostic only for two closely related genera, i.e., 
Treptoceras (some emendations to the generic diagnosis 
were added by Aronoff, 1979, and Frey, 1988) and Proteo - 
ceras (Flower, 1955; type species Ooceras(l) perkinsi 
Ruedemann, 1906). These genera can be distinguished by 
the degree of the siphuncular changes which are less drastic 
in Treptoceras duseri and the present Korean species 
(Figure 1.3) than in Proteoceras perkinsi. The siphuncular 
segments of Proteoceras shift from a subglobular form to 
a nearly cylindrical one in the space of 6-8 camerae. 
Accordingly, Onnoceras yokoyamai is attributed to Trepto- 
ceras. 

Although confident determination of the proteoceratid’s 


higher taxonomic position is pending until the apical shell 
form is clarified, it is herein proposed that a possible origin 
of the Proteoceratidae was derived from the subclass 
Actinocerida. Flower (1962) placed the Proteoceratidae in 
the order Orthocerida of the subclass Nautiloidea, and his 
assertion was followed in the Treatise (Sweet, 1964) and by 
Aronoff (1979) and Frey (1988). However, the rapid de- 
crease of the siphuncular inflation of Proteoceras perkinsi , 
Treptoceras duseri , and T. yokoyamai is exceedingly un- 
usual for the subclass Nautiloidea, and it seems rather sug- 
gestive of a phylogenetic relationship with some actino- 
cerids including Paractinoceras (Hyatt in Zittel, 1900), 
Leurorthoceras (Foerste, 1921) and Kobayashiceras (Niko, 
1998). Endosiphuncular lining deposits lacking radial 
canal and perispatium are also known in the adoral 
siphuncle of Kobayashiceras. This indicates that presence 
or absence of the canal system in the adoral shell is not al- 
ways essential for Actinoceratoidea. 

Material examined. — The holotype, UMUT PM 0016. 
The five specimens, UMUT PM 0683-0687, also identified 
as this species by Kobayashi (1934). In addition, the two 
new specimens of the imperfect phragmocones of UMUT 
PM 27827, 44.8 mm in length, and UMUT PM 27828, ap- 
proximately 31 mm in length, have been examined. 

Acknowledgments 

I gratefully acknowledge my debt to the late Teiichi 
Kobayashi, for his helpful comments on the Ordovician 
stratigraphy and fauna of South Korea and encouragement 
when the author was a graduate student. Thanks also are 
due to Kan-San Ahn for aid in conducting field work and 
Tamio Nishida for providing locality information. The 
help of Takeo Ichikawa in examination of the type speci- 
mens, deposited in the University Museum of the 
University of Tokyo, is appreciated. I also thank Cheol- 
Soo Yun and an anonymous reviewer for their useful com- 
ments. 

References 

Aronoff, S. M., 1979: Orthoconic nautiloid morphology and the 
case of Treptoceras vs. Orthonybyoceras . Neues Jahrbuchfiir 
Geologie und Palaontologie, Ahhandlungen, vol. 158, p. 
100 - 122 . 

Doguzhaeva, L. A. and Shkolin, A. A., 1999: Sifon “ Loxoceras ” 
(Pseudactinoceratidae) iz nizhnego karbona tsentral’noi Rossii: 
mikrostruktura, taksonomicheskoe znachenie i funktsional’- 
naya interpretatsiya (Siphuncle of “Loxoceras" (Pseudactino- 


Figure 1. Treptoceras yokoyamai (Kobayashi). 1, 3 7. UMUT PM 27827. 1 dorsal view, x 2; 3, dorsoventral thin section, venter on right, x 8; 
4. details of apical siphuncle, x 30; 5, details of adoral siphuncle, x 30; 6, details of endosiphuncular deposits, x 50; 7, details of adoral septal neck, 
x 50. 2. UMUT PM 27828, septal view of adoral end, venter down, silicon rubber replica, x 4. 8. UMUT PM 0687, dorsoventral polished section, 
venter on right, x 5.5. Abbreviations: cr, connecting ring; ed, endosiphuncular deposits; sn, septal neck. 


124 


Shuji Niko 


ceratidae) from the Lower Carboniferous of Central Russia: 
Ultrastructure, Phylogenetic implication and functional mor- 
phology). p. 271-287. In , Rozanov A. Yu. and Shevyrev A. A. 
eds., Iskopaemye Tsefalopody: Noveishie DostizheniV v Ikh 
Izuchenii ( Fossil Cephalopods : Recent Advances in their 
Study), Rossiiskaya Akademiya Nauk Paleontologicheskii 
Institut, Moscow, (in Russian with English abstract) 

Flower, R. H., 1942: An arctic cephalopod faunule from the 
Cynthiana of Kentucky. Bulletins of American Paleontology, 
vol. 27, p. 1-50, pis. 1-4. 

Flower, R. H., 1955: New Chazyan orthocones. Journal of 
Paleontology, vol. 29, p. 806-830, pis. 77-81. 

Flower, R. H., 1962: Part 2. Notes on the Michelinoceratida. New 
Mexico Bureau of Mines and Mineral Resources, Memoir 10, 
part 2, p. 19-42, pis. 1-6. 

Foerste, A. F., 1921: Notes on Arctic Ordovician and Silurian 
cephalopods. Denison University Bulletin, Journal of the 
Scientific Laboratories, vol. 19, p. 247-306, pis. 27-35. 

Frey, R. C., 1988: Paleoecology of Treptoceras duseri 

(Michelinoceratida, Proteoceratidae) from Late Ordovician of 
southwestern Ohio. New Mexico Bureau of Mines and Mineral 
Resources, Memoir 44, p. 79-101. 

Hall, J. and Whitfield, R. P., 1875: Section 1. Descriptions of in- 
vertebrate fossils, mainly from the Silurian System. Fossils of 
the Hudson River Groups. (Cincinnati Formations). Geologi- 
cal Survey of Ohio, vol. 2, part 2, p. 65-1 10, pis. 1-4. 

Hyatt, A., 1883-1884: Genera of fossil cephalopods. Proceedings 
of the Boston Society of Natural History, vol. 22, p. 253-272 
[1883], 273-338 [1884]. 

Kobayashi, T., 1927: Ordovician fossils from Corea and South 
Manchuria. Japanese Journal of Geology and Geography, 
vol. 5, p. 173-212, pis. 18-22. 

Kobayashi, T., 1934: The Cambro-Ordovician formations and fau- 
nas of South Chosen. Palaeontology. Part 1. Middle Ordovician 
faunas. Journal of the Faculty of Science, Imperial University 
of Tokyo, Section 2, vol. 3, p. 329-519, pis. 1-44. 

Kobayashi, T., 1966: The Cambro-Ordovician formations and fau- 
nas of South Korea. Part 10. Stratigraphy of the Chosen 


Group in Korea and South Manchuria and its relation to the 
Cambro-Ordovician formations of other areas. Section A. The 
Chosen Group of South Korea. Journal of the Faculty of 
Science, University of Tokyo, Section 2, vol. 16, p. 1-84. 

Lee, H. Y., 1977: Conodonten aus den Jigunsan- und den 
Duwibong-Schichten (Mittelordovizium) von Kangweon-Do, 
Siidkorea. The Journal of the Geological Society of Korea, 
vol. 13, p. 121-150. 

Lee, H. Y., 1980: Lower Palaeozoic conodonts in South Korea. In, 
Kobayashi, T. et al. eds.. Geology and Paleontology of 
Southeast Asia, vol. 21, p. 1-9, pis. 1, 2. University of Tokyo 
Press, Tokyo. 

M’Coy, F., 1844: A Synopsis of the Characters of the Carboniferous 
Limestone Fossils of Ireland, 274 p. Privately published, (re- 
issued by Williams and Norgate, London, 1862) 

Niko, S., 1998: Kobayashiceras gifuense , a new actinocerid cepha- 
lopod from the Lower Devonian of Japan. Journal of 
Paleontology, vol. 72, p. 36-38. 

Ruedemann, R., 1906: Cephalopoda of the Beekmantown and 
Chazy Formations of the Champlain Basin. New York State 
Museum, Bulletin 90, p. 393-61 1. 

Stokes, C., 1840: On some species of Orthocerata. Transactions of 
the Geological Society of London, Ser. 2, vol. 5, p. 705-714, 
pis. 59, 60. 

Sweet, W. C., 1964: Nautiloidea-Orthocerida. p. K216-K261. In, 
Moore, R. C. ed.. Treatise on Invertebrate Paleontology. The 
Geological Society of America, New York and the University 
of Kansas Press, Lawrence, Kansas. 

Teichert, C., 1933: Der Bau der actinoceroiden Cephalopoden. 
Palaeontographica, Abteilung A, vol. 78, p. 111-230, pis. 8- 
15. 

Yamanari, F., 1926: Scale structure in Kogendo. Geographical 
Review of Japan, vol. 2, p. 572-590. (in Japanese) 

Yun, C. S., 1999: Ordovician cephalopods from the Maggol Forma- 
tion of Korea. Paleontological Research, vol. 3, p. 202-221. 

Zittel, K. A. von, 1900: Text-book of Paleontology (translated and 
edited by Eastman, C. R.), vol. 1, 706 p., Macmillan and Co., 
Limited, London, New York. 


